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RESEARCH AT THE STAVFORD CEYFER $OR RADAR ASTROWOMY

WASA susteinieg grant NGL 05-020-0ib ig the wmajor research support o
the Stanford Center for Redar Astronomy (2 Jjoint venture betwsen Stanford
Tniversity snd the Stauford Research fmstitute). The progress end dirsction
of resserch supporied by these funds is reviewed semi-snnually in concise
statug weports such 28 this one and in expendad form in the snuwel proposal
for zontinued sveport., The following sections are intended to bring the
reader up to date on faoulty, vesearch associate, snd siudsnt activities

since that time.

ariner V

Comperigon of the Ruseian Venera U and Awerican Mariner V results has
led to seversl nevw conclusions. These were published in Science of N@v@mherVBy
1968 under the title of “V@mmsg Lower Atwmosphere Not Measured®, ‘T&@ abgtract
of that report is imcluded belows

Abstrant: The common ranges of pregssure and tenporature of
the stmospbere of Venns messuvred lsst Ootober establish the
conreation between the Bowviet V@ﬁe&a L gititude sesle and the
United States Mariner V radiel scale, But if the Venera L
m@aaww@m@ﬁ@a extended to the surface, as élwim@ﬁﬁ this compari-
son implies a radiuvs of the plaﬁ@@vwhﬁmh is shout 25 kilomelters
grester then the rsdius deduced from Esrth-buged rader data,
Thig %@@ag@@ has besn W@gﬂiv@ﬁ,in;ﬁav®r of the gmaller Waiﬁe
by a new ﬁgﬁﬁrm&m&%ﬁ@m @ﬁ the radiuvs which is moTe divect
than the method used in ﬁ@?ﬁvimg the vadar radlus, end which
involves coneurrent rangﬁng f@@m'ﬁaw@h both te Mapimer V near
sncovnter and to the surface of Venus, It is consluded that
neither spasecrsft reporied on atuospheric conditlions nsaw
the levsl of the mesn surface, but extrapolatiouns of the

meagurvengnts yield surface velues feor wid-latitudes of 1006



atwospheres pressure (within » factor of 1.5) and 7007
temperature {within 1@§@)$ in distinotion to the Soviet
values of 19 = 2 atucspheres and S4L® 4 10K, The highesr
values support rediosetric and faﬁa@ ﬁ&%ﬁ.@ﬁ TEnue éﬁﬁre
and stwospherie sbsorption, I% 5 that the Sovied
gaed to work theough sueh o thick
atmosphers, A partiounlarly simple (times two) euwbiguity
in the VYoners & altimeter rending s

probe was ot degh

sots Ltself, since
sition thet the

this wwgﬁﬁ explsin the rosgson Por 2he supye
probe rosshed the surfaes,

Anslysis of the Merimer V differentiel Doppler sud awmplitude data
obteined during the Venus encounter hse now been completed, The study
of the data ylelded the clectron demsity distribution in the lencsphere
and the teuporature and prossure profiles for the lover neubrsl
stwosphere @ﬁwﬁ@mﬁ@a & Tinal peport &e@@wﬁ@ﬁm@ thizs work s iu pross,

The 423.3 Mz rey path probed down o withdm about 35 km of the
@grfa&@ of Venus belfove lose of ook oceurred durisg imsersion. Slgnal
rescguisition took plues as 1he propagetion path w@&@ﬁéﬁ the b7 L
21%8 tude 1@%@§£@m the swsrsion @ﬁﬁ@@ The prossure snd teomperature profiles
Zor %@glm@mﬁégifaﬁmm@pkﬁwﬁ shove %&%@@ levels worve determined by fitting
the defosusing produssd behind model &gwﬁﬁﬁﬁ@w@ﬁ to %@@ amplitude sheages
observed @m‘%ﬁgkﬁéﬁgg MHe receiver @&gmﬁéio The @m@&%ﬁ%ﬁ@yﬁﬁﬁﬁwﬁﬁm@m@ﬁ at
the lover ﬁﬁ@ﬁ%&&&y ary less @%ﬁ@é@@‘ﬁ@& do agree with the sopulis obtained
at the %ﬁg&%ffﬁx@@m@m@yo Tha &@@@3@& indicate that %ﬁ@,ﬁ@ymﬁﬁﬁ stmosphere
of Venus may heve besn some gﬁéﬁ“@mﬁﬁmw then the ﬁﬁgﬁ§§ﬁ&@o

For the upper steocspheve the @&&ﬁ?&i@ shows that Venus hes lonisation
pesks near Eh@ kw sititude on both the sunlit snd dark side., On the dayside

the lopospheys appsars to torninste abé@@%ly in 2 plaswa poues near 900 ka



sltitude while on the dark side the jondsation may extend out dm =

eyiindricel wake to 4000 Im altitude or move,

Hartlen ﬁﬁm&m@m Himulation

&:mwiwﬁgé of the mﬂm@ﬁ:ﬁm dndexn of ﬁ% 8t low tomps

pressures is reguirsd in the lnterpretstion of cceultation dats From

plonetary probes such ag ﬁﬁwﬁﬁ@m Y sud ¥, Dutas Fiom éﬁﬁ%@ wlasions bave
genexally been interpreited using valuse mespurved at gtandard tenperature
and pressure and oxtyrapolated to Hartisn cenditicns.

This experivent bag oy bheon coupleted, A& civeular cavity with s

resonant frequency of 2858 |

in the TEOLS »

je was constructed., The

cavity Q achieved was 113,000, Au insulated vecuum chamber and pu

dng and

cooling feellities vors constyucted snd the refractive index of m& wag

messured over the rongs fron roow tonperaturs and @m@mm@ down toe she

sublimation point of iﬁ% at % militbars,

The aubient condition moasw

ut when extrepolated to Stonford tenpopae
ture and pressure agroes with the rasults of other experimonters at 24 gfs
and optical wavelengihs, Prelinineyy computations using the low temperature
and progsure dats show ¢hed the refesotive index of %%P reneing weshenged
21} the way to the subliisetion podnt, This sbaus that | the vee of the

glassioed f&’% rofrsetive indoy oxtrapclated to very lov towpereburss and

progssures is %m&

Goperal Belativity
Over the yéars several propgosals bave been ssde rogarding the possibility

of using vedie freguency mvasivemsnts on spaceoralt spwrosching solar



cocultation as a test of gemeral telativity. These have naturally
been preceded bj? ptudies of other m@%@@g of doing such masumm,
There are - thres olagsicsl tests of goneral mla%v&%y which could

nt of

be conducted by cbservations fxom the Rarth's surface; meesur
the gravitational red shift, the defiection of light by the Sun, and

the precession of the pevibelicn of Hercury, With eapth gﬁ%&x%@%

it has been sw eoted that one might w@; gyxo precession ox clock speed
provide other t@l@*&:@ of the theory. Nome of thess tests has yet ylelded
& decisive zosult,

The b@nﬁﬁ,mg of etarlight has boen measured by cowpering piotures of
a gitar fiseld wﬁ,f&:%a and withont the Sun in the gentewr, Tﬁm bonding catses

the stars to appear Jeviber from the Bun, Unfortunately there are many

gources of error which ave com v
80 the repulis have not boen mﬁ’émﬁmﬁy aeonrate to .ﬁ%@mﬁ: g gusd test
of the theory, {They are at least good emough o show %Em% Hewionian
@@@h&%@& do not appiy.)

During o synposiuvg report piven by Professor Bchifd of our Physics

Department; it becams appavent to one of us that thers was s possible
way of messuring starlight bending which could be emtvemely aveurate,

This method wmust be fmples

ted in sn orbiting wmmmﬁm singe it
involves a simultencdous view of two wiars which swe aﬁw&éﬁ &8@? apart,
(Tnis could mot be done fyom the surface of Barth o Moon.,)

%

Tuitisl ealoeulstions

have besn snooursging, The principle of the
test mmm@&m@ somparison of the view of the sawe *%w _stare befors
and after the image of one passes neay the Sun, This offsrs two

advantagess



1} e do not nesd accuracy or precision, but only repeatibility.,
The apparstus faults will affect both imsge paivs in the same

way, sucept for those ch

os eaused by equipment dimensional

change or pointing erpore. Those appear {6 be small,
2) The offeet to be measuved is doubled by virtue of the fact

that the bending is in om

site directions in the tuo nsssured

dats and go the difference sugle i twice the bending smgle,

Mariner ng
The Stanford o

i selegted for the Hariner Maeps 1§71

orbiters, Fouding wmder letter conteset from will oo

swee dn Jenuapy

1969 and a detailed end final propossl will them be gengrated. Responses
from two induptrial orgemizetions for cost and weight estimates to do

the @mﬁwﬁ'&; st higher froguencies sud wider bandwidihs were discoursging.
Faced with doubling of cost and welght we have decided to use ezisbing
hardware @%ﬁgﬁw ﬁ@zﬂ our twe chommel package, but to have any two of three
input ﬁmum@ﬁw solectable, This will siiminate diffeventiel bending,

or caustic, problems Low the plenst?s dayside joucsphere by using two high

freguencies whilé allowing interplenetary density and plavetavy wake

neagurensnts to be performed on thw two lover freguencies,

Instrument Develop

Several possible modificaticns to the Stendord Plonser snd Mariney type

te have beon investigated with the goal of incressing sccuvasy

while taking advantage of the rapidily advansing integrated elrcult techuslogy.



Though spooific proposals for funding sush efforts have boen furned down
in the past 4% iz obvious from ¢he rapid pece of and coupreopsesd delivery
schedules Tor fiight progs

3 that continuous development is necessary.

fne of the pore propising investigations conducied duwing this report
concerns the modulation phase nessuring clzouitery, The method provides

unanbiguous O to 360 degres mossu

t of phase uslike the current cizcuitzy
which goes only to 180 degvees, This capubility ig paritienlarly iuwportant
during selay plasme "pulse” ovents when dets can be Ilopt 4f the ground-baped
transmitter oporstors miss & phase disl zeset due to teletype outage oy othey

aperational probleuns.,

Student Activities

The following brief .

m@. aye vrepresentative of graduate stodont
astivity,
Ronsld Avps (Ph.D.)
A gtudy of compression codes for ¢he tranenissicon snd storage of
digival imbpoes 1€ bedng mode, The onphasis is on two-lgvel idmsges of printed
matter. To scgulire vepresentative input stetistios, datsd ls beling ewemined

from decunents psssed through e scamner/computer/printer system. This system

wag built previewsly to explore the vavriations of chsracter legibility with

resoclution, This work was weportsd last

@ iz a joint paper to the 1958

ITEE fntevsetionel Confersuse on Cowsund

Sinoe then, I have extended
this work with a theovetical model for the threshold of character legibility

and en mmalytical model £it to the empirical data,



It was antcipated that the statistics from cheracters sceuned at

optimal resolution would reflest their stzucture, by showing ﬁé

betwesn "rums® of bleck and white in line-hy-line scanning, These dependencies

have been found sud messured, indicsting potentisl savimgs over previous com-

prepaion sohewes (based om ig Exploration of two-dimensional

scan pattorng ¢ m greater jotential for o m&s@i@é&g‘ alovg with such

gimpler encodor/decoder designs,

A model for the effests of burst noise on a yun-lengtheécde has also

heon simnlated uding the sbove test gystem. Hossurows s with printed documents

were mede to determine the loss $n scharsctor legiblisty foxr diffevent stutes

of this burst-noise w

L)

Jose Pomslase (Ph.D.)

As deseribed in tho Radioscicnce Isborstory Report no. SU-BEI68-038,

phase path messurements of the transmission between two setellites thwough

the Barth's atmosphere contaln inforsaticn of the préshure and temperature
profiles of the lower atmosphere, A prdceduvs was developed to imvert the

peure and thiporsture profiles,

phage poth date end thus to obbain thé

Thie @m@mﬁm is based on the Loast Moan Sguawve (128) %@M@mg
In the provess of inversion, 1t 18 vowy lupertent _mm& a goud

parapetvic segresentation of the prossure snd te soraturs, Gnly = sluplified

inversion problem was trested ot this gisge. The date wag cbidined by zay

tracing thi

gh the standand m‘@mm snd the nodel %mg’wm%w profile

was degoribsd by segaenits of @%mﬁgﬂw lines. The g@mmﬁm&» was obitained

uping a surfscd pressurve end the hydwostatic eguation, The inversion



procedure worked satisfactorily, giving back a ge

pd approximation of the

standard etnosphers,

Buplrical orthogonal functions were studied as & means of oblaining

s better perametric description of the & ssted

srature profile, as &

by many suthors. They will be

i dn Puture inversion problems,

A subreutine to conpute atmos

ric attenuvation in functions of

prossure mmd teaporature fn the 10 g

ot was developed. This attenua-

tion imcludes the oxygen, water vapor and liguid weter stténustions,

The use of miovowevs radiomst

obtain couplédnsntary information whieh, with the attonuation and phage

path sesgurensnts, would permit us to oo

3t for the vater vapor effenis

in the lower troposphers. ltipathe dus to refractivity gradients in

the lowor tropopsuse ore slso boing investigeted, Auplitude and phese

seintilliations eve also being studied as they heve a potential to provide

information sbout the water vapdd,

Bicherd Simpsce (Ph.D.)
The followlig work wes done primsrily for a lumey bﬁw&ma_ rada¥
project being cerried out u@ﬁ% separate funding but bas seveyal spplications,
if the charecteristics of a signsl incident on s plenetery suvfacs ave
Tnowmn, %@y‘%&ﬁ be compared with those of the mﬂm*&%ﬁ@_ signal to give some

indication of the behavior and picperiics of the spscular vegion, The

particular problen here wes %o find a compwier simmlation of the fnsident

glectric field by wodelldng the antouna of sn orbitisg spacecradt (Eaplowey

Y with a motiified tursetile sutenna in this case). The physicsl



dimensions and ovientaticns of the elements were kuown and rough, pre-
laumeh, measured patierns were available for compardson,

Starting with infinitesimal ourvent elements, four current roots
weve buflt up, Rod lengths sind their positions, orientations, snd

electrical phases wers preset in constent matrices, %mébi% wore ths

two polay coordinate angles, thets and phi. The program subs the cone

wuges the resultant sleelris fisld,

tributions Tron gaoh elowent und o

Virtually any antenns array sxprosssble ag the sum of no moye than

four linear current slements can be simulated in this way (move elements

could be added without major zevision of the program). The pettern in
any plane con bo found by converting the peints im thet plane to corvesponding
theta snd phi,

Dipole, difole pair, broadeide, snd em

j-2ire congigurations heve besn

checked as well 85 the turnstils a;fam' modi fied tmw@%@gl sesults have been

satisfylag, Soms work hus be

s dond o 8 é&@é@a@mm@g@mw&m to wodidy
the theoretisal twrunptile fields to metch the pre-lsunch meusured values,

but this has not been completed,

Wellington Yo (¥h,D.)

eport sntitled "Circuit Byithesis Uitlising Digital Veriable-

ng Elements, (8U-g8L~68-08k) was completed
during the lagt weporting pewiod,  I¢ Ly a feasibility study on realisming

s nwsber of the proposed

rosletine netwosk functions by using & mimis

&mmv@mgﬁ digital integrated ciroult modules (digital inmtegrating end

sing slements),




For high-speed operaticn, the prop

et digatal integrator has bosa

implemented by the modified trapezoidel-integwration meth

od end by the
signed-digit nunber gystem, A tec

ique to obisin varisble precision

hag algo & achieved.

Optimization is pewfors digital modules, subject to a mine

{mum-cont. criterion, aitdng dn o synthesis P

sdure. Jor obiaindng

network realization with o minimum mmber of digitel modulss as well

agiwith the hest perfosusnee, Essentially, the transfer function can

be realized by the digitel w

dules alone; bowever, the lumitance funstion

or the conventional-elesent replave

went con only be made possible with

bo-digital ineve

the help of the ansloge

mial converier and the ﬁg;@mi

to-analog converier,

Richard Tovalek (¥h.D,)

Optieal techniqgu used for several types of

3 are pressutly belng

data prosessing, Optical systems sve well sulted for applicutions sush

ap pattorn re

in which fnput and output deta may be vigual,

and for operaticus such ss Fouvier trensformation and srosseorvelation,

The success of these technigues leeds to the ides of a genersl purpese

optiesdl ao

of an opticel computer over its %@%mﬁm counterpart

tar would be

would be spesd ond size, The spesd of an sli-opticel o

limited only by the speed

g axi.mgéag ation, The parallel processing
abilities of optical systems Would make possible s furiber incvesse in

speed over slestzonic rouputers a8 well ss 8 decresss dn sﬁim@

i0



& study of possible opticel roalizations of Boolean fuuctiouns

sugzests that s different approach muet be used for an optical coupy

than would be used for an electzonic one, The advantages of diffevent
logic systems, sush s majority logic of mmlti-state logle, ave befng

sgtudied,

Somputer organisations very different from those presently fin use
will also be oxemined, since an optical provessor would ~Zﬁ;mmamy be
a more parallel than serisl machine, E‘&mﬂya the spplicaetions of such
an optical computer, particularly in the fields of malmtﬁ&@z adgnal

processing, will be duvestigeted.

Richard Meyes (M.A.)

working on the design wnd comstruction of the bardware

for the mi ém@m%ﬁ version of the meteor winds vaday station, A few
changes in the final versions of verisin subsssewblies have slowed DYCRTESH,
but as they ave finalised, ﬁug&ﬁg&ﬁm can esgily be msde. At b‘gQM@@m,,
parts of the freguency synthesizer aud the i@gwﬁ&m& 'mﬁi@g@"&:@mﬁﬁ@mal

converter have B leted, and %@ sontrol @ﬁ.m@sﬁ% aeye iu the testing

stage, The finished mechine is still over the horimon; however,

»

3t ie well known that the cherssteristics of received polarisetion

of meter wave radiation cen meveal the stwucturs of the megnetic field at
the source and/or field along the path of propagation, The Jupiter pelawi-
neter g@mﬁ@é‘z ‘has concentrated on solar radistion in rmm‘&; yearg., Since

Septesber of this year, the conversion of dats from smalog to digital tapos

13



has been performed on the Sigwas 5 instead of the IBH 1620, The Sigme 5§

allows three times the resplution of the fommer computsr.

The genersl charscterizstics of spectral Type TIX bursts vhick have
besn reeorded indicste high mmw,mm@m; fome peculiar events have also
besn recorded with the polarization changling frvom l@ﬁﬁwhami;@d $0 vighte

hunded during the storn peried, 4 wodel hes been composed and fuwther

amalysis is belug conducted, Results of the dats concerning Type IIT

bursts will be available in report fosm within several months,

Bichsel Ow

- ;(gﬂg“‘&’@)
A program is being developed which will use the SDS Signa 5 computer
to produce drewings on an oseillosscops display, The progrem is designed

to make use of either 8 polarcid camera to regord the display ox a

naing Vs

Penm camera Lo2 Pro _ @:%e mmw”, Since the @mz@m will be

for goneral purpose use, o prime effort is being made to meke 1t easy to use,

puter

A group of user-oriented subroutines for the SDS Bigwa V

ayre belng @@mx wtey @mm i@:&émm, Phese
Progyems Use éz;mfezémmmmm digital~-to-analog mmmm*zﬂw %o produce an
@mﬁﬁ%@@p@ @M@ﬁay which 4g mmm_ Zor photograpbing., It 48 also
planned to -ws@;:ﬁh@ Dh output o @m@:mﬁ the £iim %&am@@ﬁ%ﬁ amd ghutter of
8 3Benm Camers *@‘@ that computer g@mm%ﬁ "movies” may be pmﬁmwe Since
these programs sve intended for genersl PUZROSE uBs, a @mm affort is

being sede to meke them easy ,%u%é'.

12



Danjel Ingalls (Ph,D.).

The lzat report wenticned the project of lumar linb siudy by

obheervation of A satellite transmissions at the time of oscultation
by the HMoon, Simce the sigosl tapss appeaved unrolisble at that time,
¥ have sincs then ssszenbled o receiving station to furnigh deta on @

Te¢reah deily®™ basis, The previous suomsly of short term varistions ia

signal still porsiets, apd oue i led to atizdibute these to luproper

moduleticn in the spsceovalt. The Lfficuliios of »

ng such varistions

are great, and may not be prasticable, s, the recent lunar pibit
by the Spolio spsoveralt mey furnish dote tapss of great intevesst to

the oooultation study owing o the grester trapsmitier powers and snbony

gaing involved snd espocislly to the v

sfem Yyom sntenne rotution
perturbations,

£ have b

m recently edapting snd ereating software for the Sigms V

conputer scguired by the Center, pefully soon we will have the feoflity

to cmbark on computer reconstruction of sestiering surfeces by cohevent

ﬂeﬁ@@tﬁ@me The programs, once developed, can be applied in such diffevent

fields as acousties, hologeaphby and radar studise of planets,

i3
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»Z%@aak R., On the relationship between decay rate of méﬁar echoes from meteor
%raﬂa and their beight, American @@@myﬁcﬁ Undon” E&wtﬁ.ngg Som
Francisco, 2 Decewber 1968

Howsk, R., The measurcment of upper atmnp}mm paraneters wﬁﬁ:k & weltoor
raday, Awerican Meteorological 8@@&@&% ‘Bl Pago, 6 %ovmbmv 1968, .

Miles, R, B, =nd B, B. Mgmx% R, an Barth mmxrcm samlmm
program, Procesidings of the lgm Congress of IAF, ﬁaw mm City,
Oetober 3%8

Jusignen, B. ﬁsﬁ . Education satellite technology, Proceedings ‘of the 192&
Congress of IAYP, New York City, October 1968,

E@mman, V. R., Bistatic radar studies of planetary a%mwkww and surfeces,
G-AP/URSE Symposium, Boston, 10 September 1968.

Tyler, G, L., Short courses magﬁ,mg mdax:, ﬁmﬁ.vm'ﬁmy M Bﬁﬁ.ﬁmgm, A ﬁmﬁmx‘s
July 1968,

Howard, H, T,, %amn@r "@f @mrﬂm@m@r data W@Mﬁ@% @mﬁmmmy of Yowa,
June 1968 .

Tyler, G. L., Past results sud future «« in mdmr m%mrm%
HASA~Amee Conference on M@@tmmammm Eml@m%ﬁem @:E %mmg
Hoffett PMeld, Jume 1968.

Lusignan, ao 5” Dengity mamm&m with redio wave wwmaﬁm techniques,
" CUSPAR (Commmications on Space Hesearch), Tokyo, @mm %iw 1968,

Iusignan, B. 8., ATAA - Systeme ne@mmg, Houston, 20 ﬁﬁay 1%8

Eshieman, V. R., @. Fj@.mﬁmé, Radio meﬁ%a@:ﬂ@n and the aﬁmw&n@n@@@ af Venus
and mme% AGU, Washiugton, D. €., 8~11 Apwril 1968,

Staff, Center for Radar Astromomy st Stanford mﬁv&wityg The Mariner-Venus
dualufmm@ney radio occultation experiment: cusrent mmmmtaﬁmmg
ABY, Wa&hingtmns D, €., 8«41 &pmz. 1968,

Pyler, G. L., Preliminary Eﬁm;atmwmdar results fyom Emlamm mg
AU, Washington, D, €.y me April 1968,

Fleldbo, G., . %@‘@. m Eﬁhlmm% mmm@xv V. low frequency mauﬂ.ﬁa%ﬁ;@ng,
Second Arizoms Conference on the Mm@*@:wy Atmospheres, Tucson,
11-13 March 1968,

Fieldho, G., &. mimwg I. 8. Rasool, Mapiner V S~bend ccoultation {with
respect to upper atmosphere), Second Arizems Conference on the Planetaxy
Atwospheres, Tueson, 11-13 Mareh 1068,
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Lusignesn, B, B., The Arctic Institute of NHorth America mm@@sium on
remote sensing in the polar regioms, Washington, D, C., 6-8
March 1968,

Spira, P, M., On the time reguired for group multiplication, Hawiien
International Conferemce on 8ystems Scilences, 2¢-31 January 1068,
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